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ABERRATIONS  IN GRATINGS.
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plane of the wave-surface, the axis of y being parallel to the lines of the grating, and the origin corresponding to the centre of the beam, we have as an approximate equation to the wave-surface (§6)
.(8)
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aad, as we have just seen, the term in #2 corresponds to a linear error in the spacing. In like manner, the term in ?/2 corresponds to a general curvature of the lines (Fig. 13), and does not influence the definition at the (primary) focus, although it may introduce astigmatism*. If we suppose that everything is symmetrical on the two sides of the primary plane y = 0, the coefficients B, /3, 8 vanish. In spite of any inequality between p and p', the definition will be good to this order of approximation, provided a and 7 vanish. The former measures the thickness of the primary focal line, and the latter measures its curvature. The error of ruling giving rise to a is one in which the intervals increase or decrease in both directions from the centre outwards (Fig. 14), and it may often be compensated by a slight rotation in azimuth of the object-glass of the observing telescope. The term in 7 corresponds to a variation of curvature in crossing the grating (Fig. 15).
When the plane zx is not a plane of symmetry, we have to consider the terms in xy, x*y, and y3. The first of these corresponds to a deviation from parallelism, causing the interval to alter gradually as we pass along the lines (Fig. 16). The error thus arising may be compensated by a rotation of the object-glass about one of the diameters y—±x. The term in x?y corresponds to a deviation from parallelism in the same direction on both sides of the central line (Fig. 17); and that in y;t would be caused by a curvature such that there is a point of inflexion at the middle of each line (Fig. 18).
All the errors, except that depending on a, and especially those depending on 7 and B, can be diminished, without loss of resolving power, by contracting the vertical aperture. A linear error in the spacing, and a general curvature of the lines, are eliminated in the ordinary use of a grating.
The explanation of the difference of focus upon the two sides as due to unequal spacing was verified by Cornu upon gratings purposely constructed with an increasing interval. He has also shown how to rule a plane surface with lines so disposed that the grating shall of itself give well-focused spectra.
* "In the same way we may conclude that in flat gratings any departure from a straight line has the effect of causing the dust in the slit and the spectrum to have different foci—a fact sometimes observed" (Rowland, "On Concave Gratings for Optical Purposes," Phil. Mag. September 1883).
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